Many experiments have been concerned with the functional relation between sound stimuli and the magnitude of the cochlear potentials. Early studies indicated that this function is linear, or nearly so, over a wide range, but departs from linearity when the applied sounds reach extreme intensities. Wever and Bray in 1936, in observations on the guinea pig, obtained curves whose linear range extended from 1 to 150 microvolts at 1,000 cycles per second and from 1 to 100 microvolts at 4,000 cycles, a range of 40 db or more. With the equipment used at that time it was not possible to obtain reliable measurements below 1 microvolt, yet it was pointed out that this value did not represent a lower limit for the response, and doubt was expressed whether any limit exists.
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Further studies with improved equipment, and especially with the wave analyzer as a selective voltmeter, extended these measurements a decade lower, to the region of 0.1 microvolts. In this region the function was found to continue its linear form for all tones and in all animal species, including mammals, birds, reptiles, and amphibians. (See, for example, recent studies on cats by Wever, Vernon, Rahm, and Strother, on turtles by Wever and Vernon, and on frogs by Strother.) Despite this evidence there have been some who have spoken of a "threshold" for the cochlear potentials. Careful consideration shows that in these instances the investigators were misled by the limitations of their measuring equipment, and their "thresholds" merely represented the lowest values that could be read under the conditions of the experiment. noise arising both in the amplifying apparatus and in the animal itself, and perhaps by other uncontrolled variations.
Our interest in a further exploration of the lower end of the cochlear potential function has been stimulated by general considerations such as those indicated above and also by a recent study by McGill that provides evidence on the actual level of these potentials for sounds at the behavioral threshold. McGill trained cats to respond to a tone by leaping over a barrier to obtain food, and obtained thresholds for eleven tones over a range from 100 to 10,000 cycles. Later the cochlear potentials were measured at the round window on the same animals for these same tones. Functions were obtained over a considerable intensity range, but it was not possible to make measurements for the identical stimuli that had previously been found to represent the behavioral thresholds. For sounds as faint as these the responses were obscured by background noise. From the measurements made at higher levels, the values representing the behavioral threshold were obtained by extrapolation, on the assumption that the function would continue to be linear at extremely low levels. These extrapolated values varied from 0.034 to 0.0023 microvolts according to frequency. The question of course arises whether this extrapolation is justified.
This question was put to experimental test by the use of a preamplifier of special design giving a gain of 10,000 times and with a particularly low noise level. This amplifier led to a wave analyzer of high selectivity (General Radio 736A). Cats were used as experimental animals, and were deeply anesthetized with diallylbarbituric acid and ethyl carbamate. A platinum foil electrode was placed on the round window membrane by the closed bulla technique, and an indifferent electrode was placed on inactive tissues of the head. A stimulating tone of 5,000 cycles was used because this frequency is well above the greater part of the physiological noise.
Under these conditions, results were obtained as represented in Figure 1 . It will be noted that the linear relation now extends from 0.01 microvolts to 50 microvolts or a little above, a range of 75 db. The lowest measurements now extend into the region of the behavioral thresholds as determined by McGill, and yet without indication that the potentials themselves have approached a limit. Our expectation is that a further refinement of the methods of measurement would extend the linearity still farther downward.
Our conclusion is that the cochlear potentials bear a linear relation to sound pressure from the region of the behavioral threshold, or perhaps below it, all the way to the level at which the ear begins to overload. Evidently the process by which sounds give rise to the cochlear potential is a simple and direct one, such as a change in the form of the sensory cells, and this change is proportional to the sound pressure from zero upward to the region of overloading. A threshold appears only in the arousal of nerve impulses by this sensory activity.
For most experimental purposes it is convenient to make measurements somewhere in the middle of the linear range, where there is no disturbance from background noise. From such measurements an extrapolation downward is fully justified.
